Children with medical complexity (CMC) have medical fragility and intensive care needs that are not easily met by existing health care models. CMC may have a congenital or acquired multisystem disease, a severe neurologic condition with marked functional impairment, and/or technology dependence for activities of daily living. Although these children are at risk of poor health and family outcomes, there are few well-characterized clinical initiatives and research efforts devoted to improving their care. In this article, we present a definitional framework of CMC that consists of substantial family-identified service needs, characteristic chronic and severe conditions, functional limitations, and high health care use. We explore the diversity of existing care models and apply the principles of the chronic care model to address the clinical needs of CMC. Finally, we suggest a research agenda that uses a uniform definition to accurately describe the population and to evaluate outcomes from the perspectives of the child, the family, and the broader health care system. Pediatrics 2011;127:529-538
Since 1998, the Maternal and Child Health Bureau has defined children with special health care needs (CSHCN) as those children who have or are at increased risk of a chronic physical, developmental, behavioral, or emotional condition and require health care and related services of a type or amount beyond that required by children generally. 1 An extensive process informed the development of an intentionally broad and inclusive CSHCN definition for the definition to be meaningful for broad program planning and development. Although 13% to 18% of children are considered to have special needs (excluding those who are "at risk" for special needs), 2 there is considerable variation in medical complexity, functional limitations, and resource need among CSHCN. 3, 4 One important subgroup is the children who are the most medically fragile and have the most intensive health care needs. Examples vary and include children who have a congenital or acquired multisystem disease, a severe neurologic condition with marked functional impairment, or patients with cancer/cancer survivors with ongoing disability in multiple areas. Terms traditionally used to describe this subgroup include a combination of children with 1 or more of the following terms: complex, chronic, medical, conditions, and/or needs (eg, complex chronic conditions [CCCs], 5 complex medical needs, 6 complex medical conditions, 7 and complex health conditions 8 ), as well as medically complex children. 9, 10 In this article, we use the term "children with medical complexity" (CMC). The rationales are that it uses "person-first" terminology and refers to the extra time, expertise, and resources necessary to achieve optimal health outcomes for these children.
CMC are likely increasing in prevalence because of increased survival rates of infants born prematurely, 11 those born with various congenital anomalies, 12, 13 and/or those with chronic conditions, as well as improved treatments for acute illnesses in fields such as intensive care 14 and oncology. 15 These medical successes in survivorship have likely also resulted in rising rates of complications and childhood disability, 16, 17 with subsequent increases in intensive medical technology use, 18 medical and nursing care, 19 and coordination needs. 20 Regardless of underlying diagnoses, all CMC share similar functional and resource-use consequences, including (1) intensive hospital-and/or community-based service need, (2) reliance on technology, polypharmacy, and/or home care or congregate care to maintain a basic quality of life, (3) risk of frequent and prolonged hospitalizations, which leads to high healthresource utilization, and (4) an elevated need for care coordination. 21 The need to coordinate care for CMC has been underscored by the recent emergence of numerous novel complex care programs across North America that address the service needs of CMC in a variety of inpatient, outpatient, and community-based settings. 10, [22] [23] [24] However, meaningful evaluation of the outcomes of these and other programs is limited by a lack of agreement on a definition of CMC and the absence of a clinical and research agenda. The objectives of this article are to (1) present a definitional framework for describing CMC and (2) propose a clinical and research agenda for a model of service delivery that is aimed at improving the quality of health care for CMC and their families.
DEFINITIONAL FRAMEWORK OF CMC
Despite recent attention focused on CMC in the clinical setting, there are considerable inconsistencies in the way these children are defined in the research literature. Clinical and research initiatives would benefit from the use of a uniform definition that is clear, reproducible, and comparable across studies. This definition should be able to consistently identify children whose health and quality of life depend on integrating health care between a primary care medical home, tertiary care services, and other important loci of care such as transitional care facilities, rehabilitation units, the home, the school, and other community-based settings. The threshold for definition of CMC may be context-specific; definitions used in epidemiologic studies may differ from enrollment criteria for inclusion in clinical programs in different locales depending on resource availability, alternative models of care, and the specific family situation. Additional issues to address in operationalizing a definition for CMC include the periodicity of assessments, because complexity of care needs may change over time, as well as the mechanism to identify such patients (eg, individual providers, systems of care, parental reports, etc).
Our definitional framework adapts recommendations from a recent systematic review of chronic disease of childhood (Fig 1) . 25 In this review, we propose a framework of 4 broad domains to characterize chronic conditions of childhood: needs; chronic conditions; functional limitations; and health care use. Conceptually, the combination of specific manifestations of each of these 4 domains encompasses the collective features of CMC. 26 and pediatric hospital care. 31 There are limitations to approaches that rely exclusively on diagnostic codes. CCCs were not designed to describe the interaction of the condition with needs, functional limitations, and health care use. Thus, a particular CCC (eg, cystic fibrosis) can include children ranging from those who are virtually asymptomatic, and therefore unlikely to meet criteria to be considered CMC, to those with severe functional impairment who spend large portions of their lives interfacing with the health care system and would fulfill criteria for CMC. CCCs may also exclude children whose condition(s) is not defined by a particular coded diagnosis.
Other definitions of complexity focus on descriptions of functional domains and fragility in keeping with the World Health Organization's framework for classifying impairments, disabilities, and handicaps. These definitions include terms such as (1) children with multiple impairments (those with "significant physical disabilities combined with sensory and/or cognitive deficits"), 1 (2) the technology-dependent child ("a child who requires both a medical device to compensate for the loss of a vital body function and significant and sustained care to avert death or further disability"), 32 (3) the medically fragile child (who is either technology dependent or "requires substantial ongoing nursing care to avert death or further disability"), 33 and (4) children with complex needs ("children with multiple health/developmental needs that require multiple services from multiple sectors, in multiple locations"). 33 Of these definitions, medical technology dependence on devices such as a tracheos-tomy or enteral feeding tube has been most frequently used but by itself may only identify a smaller subpopulation of CMC. 34 Lastly, administrative data have been used to profile resource use by classifying people into a health-status group and a severity level. Neff et al 35, 36 identified medically extreme "catastrophic" patients as having chronic conditions that are expected to be lifelong and progressive and to require extensive services. Examples of catastrophic conditions included quadriplegia, cystic fibrosis, and spina bifida. This "catastrophic" category comprised only 0.4% of the children but was responsible for 11% of health care charges and 24% of all pediatric hospital charges. However, in a follow-up article, Neff et al 37 noted that only half of "catastrophic" children in a given year were identified because of the varying utilization between different years.
In sum, although a variety of definitions exist that capture 1 or more of the domains of CMC, each has its limitations. A definitional framework that captures needs, chronic conditions, functional limitations, and health care use is necessary to accurately describe this population of children and to develop interventions to improve their outcomes.
CLINICAL AGENDA
Despite the relatively small numbers of CMC, the impact of suboptimal care for these children on their health, their family's well-being, and the health care system is substantial. It is not surprising that in 2003 the Institute of Medicine identified CSHCN as a priority for national action and emphasized the impact of those with substantial medical problems. 38 The evidence from examinations of clinical models of effective and efficient provision of health care for CMC remains remarkably limited. Existing care models include medical homes, comanagement, and hospital-based and hybrid models that focus on care coordination. Reports from several mainly uncontrolled studies have described the medical home, [39] [40] [41] [42] hospital-based programs, 10, 24, 43 hospitalto-medical home transitions, 22 home care, [44] [45] [46] [47] [48] tele-home care, 59 and disease-specific specialty clinics (eg, cystic fibrosis, 50 epilepsy, 51 and sickle cell disease 52 ). Adult providers are also developing adult complex care models. 53 The care models all typically provide enhanced care coordination and/or condition-specific expertise.
The medical home model, with the primary care physician as the central hub for care coordination, has been espoused as ideal for the care of CSHCN. However, implementation for CMC has been limited, 54 likely because of time restrictions, inadequate payment, and lack of decision-making support for primary care providers. Many subspecialty care clinics are restricted to patients who fit a specific diagnosis; tertiary care complex care models provide enhanced decision-making support and care coordination at the hospital but can subsume care away from the community-based medical home.
A clinical agenda focused on an optimal model of care for CMC can be informed by the principles of the chronic care model (CCM) created by Wagner et al. 55, 56 The CCM has received considerable recent support in the literature as a framework for system-based reform. 57 The CCM espouses health system redesign and emphasizes family/ provider partnerships, improved selfmanagement, and decision-making support by primary care providers. In accordance with the CCM, the ideal care model for CMC addresses each of the elements that define CMC. Specific components within the 4 domains of the definitional framework include:
• Needs: a family-centered system of care that provides accessible health care services as well as information to families and empowers families in self-management. Provider uptake of the principles of familycentered care and inclusion of families as advisors to system redesign are crucial.
• Chronic conditions: sufficient knowledge, understanding, and decisionmaking support across the entire continuum of care including both the community and tertiary care levels. In particular, ongoing education or support to primary care providers on the care requirements of the child or population may be necessary.
• Functional limitations: ensuring availability of supports for the family and community, including necessary medical technology for maximization of functioning within the key dimensions of body structure and function, performance of activities, and participation in communal life. 27 • Health care use: a care-delivery system that prioritizes high-quality and efficient care through enhanced care coordination and clearly defined provider roles across different settings.
Creating care models for CMC requires champions across a variety of settings to implement a qualityimprovement agenda. Initial efforts can be focused on single or bundled quality-improvement implementation tools. Examples include care plans, dedicated care coordinators, targeted patient-safety initiatives (eg, enhanced medical reconciliation), and/or provider education (eg, best practices for specific procedures or complications). Shared decision-making aids are another potentially useful tool that can help patients and families make valuebased informed choices among relevant health care options. 58 The frequent interface that these children have with the medical system also pro-vides an opportunity to target patientsafety enhancements such as reduction of medical 59 and medication 60 errors. New services dedicated to CMC need to take into account the local facilities, expertise, existing care access, and community resources for CMC. Specific issues to address include the roles of complex care services and referring providers; the technical expertise, knowledge, and after-hours availability required of such services, particularly in the primary care setting; and communication tools, including referral forms, integrated electronic medical records, and communication between providers, needed to create a seamless and effective plan of care.
Providers for and families of CMC should advocate to hospitals, payers, and policy leaders for the priority of CMC as a target population for system reform. However, advocacy for CMC should not preclude advocacy for all CSHCN, because suboptimal systems performance is common for CSHCN. Such advocacy may include funding for dedicated clinical services; community provider information support; communication tools; and increased advisory roles and partnership by families. Care for complex and chronic illness is complicated by health care payment, which provides incentives for volume and procedures among physicians at the expense of care coordination, expanded nursing roles, and home care. 61 Excessive hospital-based resource utilization has been used to justify development of complex care services. 62 Although there has been no known controlled trial of dedicated complex care service provision for children, results of preliminary studies have shown potential for substantial cost savings by decreasing utilization of hospital days through carecoordination interventions. 10, 24, [63] [64] [65] A key clinical and research priority that has yet to be addressed is the use of alternative payment models to reduce costs and improve quality for CMC.
RESEARCH AGENDA
The Institute of Medicine has identified the comparative effectiveness of programmatic models in severe chronic disease as a priority area of research. 66 To date, the definitions, designs, and outcomes of evaluation studies for CMC vary markedly. A focused research agenda on CMC must operationalize the definitional framework found in Fig 1 into tools that are reliable, valid, and feasible. Most administrative data sets cannot fully capture CMC and will almost certainly be limited in scope if they cannot incorporate family-identified needs and functional limitations. However, adaptation of existing instruments such as adding questions that capture elements of our definitional framework to the NS-CSHCN may help achieve this goal, particularly if it is augmented by linked data from health administrative data sets and/or instruments completed by providers to create a complexity scale.
Improvement science that addresses the care of CMC needs to link the clinical interventions being assessed (eg, models of care, care plans, reimbursement strategies) with important and measurable outcomes. Examples of such outcomes should reflect the definitional framework of CMC, specifically meeting family-identified needs, reducing condition-specific health complications, addressing functional limitations, and reducing unnecessary health service use, including emergency department visits, hospitalization days, readmissions, and cost of total care. Outcomes should discriminate between whether the intervention is condition-specific or conditionindependent. Some existing literature focuses on condition-specific interventions and outcomes common to many CMC. Examples include comparative effectiveness of treatments for particular subgroups of children (eg, gastroesophageal reflux disease and comparative antireflux procedures for children with neurologic impairment). 67, 68 It is unfortunate that CMC are often excluded from conditionspecific studies because of the rarity of underlying conditions, disease severity, and/or multiple comorbidities. 69 Studies that focus on conditionindependent outcomes could include measures of perceptions of health care quality or health-related quality of life, both of which are particularly important for a group of children who interface so frequently with the medical system. Mental health should also be measured as salient outcomes, because psychiatric issues are common in many CMC. 70 Because of the potent and pervasive impact of complex conditions on families and parental caregivers, including enhanced stress, 71 poor health, 72,73 marital discord, 74 and employment and financial consequences, 75 families should be actively involved in the research process and help inform the selection of important family-based outcomes. Examples of family-based outcomes include caregiver health and quality of life, family functioning and resiliency, the effects on siblings, and/or financial impact.
Other condition-independent outcomes include integration and participation in the community 76 and family knowledge about and utilization of their child's medical care and community resources. Careful consideration should be given in all studies of condition-independent outcomes in CMC to appropriate comparison groups, including both children with and without special health care needs. Outcome measures should encompass the holistic International Classification of Functioning, Disability and Health definition of functioning, disability, and health, 27, 28 which includes domains that may (eg, body structure and function) or may not (eg, activities and participation) be permanently impaired among some CMC. For the many CMC with life-limiting conditions, key processes of care such as the availability of palliative care, endof-life care, advanced directives, and accessibility to hospice care should be addressed as well.
Finally, critical goals for all CSHCN include seamless health care transitions for adolescents and young adults to the adult medical care system. 77, 78 Examples of successful transitions to adult care exist for specific complex and chronic medical conditions. [79] [80] [81] Such models need to be applied and evaluated in a broader group of youth regardless of their underlying diagnostic condition.
CONCLUSIONS
CMC pose important challenges to families, providers, and our health care system that are qualitatively different from those of other populations of CSHCN. The development of novel complex care programs at multiple institutions suggests that traditional systems of care may not be meeting the substantial needs of such patients and their families. Although all CSHCN have unique and important needs, we believe that the coexistence of multiple family-identified service needs, chronic conditions, functional limitations, and extraordinarily high health care use that characterize these children demands a focused approach for this important subset of CSHCN. The creation of sustainable evidence-based models of care, using providers who are adequately trained and resourced to serve the needs of CMC, is essential for enhancing the quality of life and outcomes for these children. These examples are for illustrative purposes to emphasize some of the types of children and the spectrum of clinical and systems issues that characterize CMC.
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